Objectives: To determine the potential for a source of surplus antibiotics in the community to come from the mismatch between the recommended duration of antibiotic treatment for common indications in primary care and that dictated by default pharmaceutical industry packaging.
I
n Australia, the greatest tonnage of antibiotics are prescribed in general practice. 1, 2 Their over-prescription may be contributing to antibiotic resistance. 3 This is recognised as a serious threat, putting recovery from serious infection in doubt, and beginning to risk many therapeutic and diagnostic interventions in tertiary care requiring secure antibiotic cover -something now labelled a global threat. 4, 5 Several guidelines exist in Australia to guide primary care. The Australian (electronic) Therapeutic Guidelines (eTG) 6 are widely used; these give evidence-based recommendations on the basis of a diagnosis with a rank order provided for recommended antibiotics, along with dose, frequency and -importantly -duration. There are other equally evidence-based guides such as the Australian Medicines Handbook, 7 these recommend antibiotics to use for different indications (based on the likely infecting organism) and their doses, frequencies, and sometimes duration. Antibiotics are almost universally packaged by manufacturers in packs that heavily influence duration. This had us speculate on the extent packing size matches the guideline recommendations for duration; any mismatch might contribute to unused antibiotics in the community and, if taken by patients on some other occasion, may contribute to unprescribed use and, thereby, resistance.
Methods
A wide range of antibiotics is used in primary care for a large array of different indications. These infections make up 15% of the total number of problems managed in general practice; most are respiratory, urinary and skin. 2 We elected to limit the study to a manageable size by identifying the three most common indications for the four most frequently prescribed antibiotics. and routinely used by health professionals, as it makes evidence-based recommendations on the basis of illness diagnosis as specified in the introduction (Table 1) . 12 We assumed that antibiotics chosen to treat frequent presentations of acute bronchitis would be directed at common causes of Structured as drug monographs within therapeutic classes providing:
• A generic dose range and frequency for the specified antibiotic but not usually a recommended duration
• Dose and frequency and duration are listed only for a limited number of indications (e.g. for amoxicillin only two less common indications)
Adult: Oral, 250-500 mg every 8 hours or 1 g tablet twice a day. Doses of 1 g every 8 hours may be used in severe infections, e.g. pneumonia.
• Gonococcal infection: For confirmed non-beta-lactamase-producing N. gonorrhoeae. Oral, 3 g single dose with probenecid
• Eradication of H. pylori: With clarithromycin, oral 1 g amoxycillin twice daily for 7 days OR With metronidazole, oral 500 mg amoxycillin 3 times daily for 14 days.
Child: Oral, 15-25 mg/kg (max 500 mg) every 8 hours. For severe infections up to 30 mg/kg (max 1 g) every 8 hours can be used. Australian Pharmaceutical Formulary and Handbook (APF) 13 Drug (antibiotic) monographs listed alphabetically provide:
• Only a 'common dose range' that includes a generic dose and frequency but for the specified antibiotic no recommended duration Antibiotic monograph usually provides:
• Microbiology sensitivity/resistance tables but these are not clearly linked to indication
• A list of indications for the specified antibiotic by broad organ system e.g. upper respiratory tract infections or skin and soft tissue infections rather than for specific indications e.g. bronchitis, UTI
• Tailored dose and frequencies for a subset of selected indications, however durations are not routinely specified.
Amoxil brand: Dosage and administration: Normal Renal Function: Upper respiratory tract infections; genito-urinary tract infections; skin and soft tissue infections.
Adults -250 mg every eight hours.
Children (under 20 kg) -20 mg/kg/day in equally divided doses every eight hours.
In severe infections or those caused by less susceptible organisms, 500 mg every eight hours for adults and 40mg/kg/day in equally divided doses every eight hours for children may be needed.
Lower respiratory tract infections.
Adults -500 mg every eight hours.
Children (under 20 kg) -40 mg/kg/day in equally divided doses every eight hours.
Urethritis, gonococcal. Adults -3 g as single dose.
Acute, uncomplicated lower urinary tract infections in non-pregnant adult female.
Adults -3 g as single dose. eTherapeutic Guidelines (eTG) 6 Information primarily classified by indication (not as individual drug e.g. antibiotic monographs)
• Searching by name of drug leads to an index list of indicated uses (diagnoses), selection of an indication leads to information on ranked choice of drug, dose, frequency and duration
• Information represents Australian guidelines for recommended therapy for each specified indication including individual antibiotic protocols (drug, dose, frequency and duration).
• Information is based on evidence in literature and consensus expert recommendations on treatments of specific infections 
Results
We consistently found a mismatch between the number of doses and the duration mandated by standard packaging sizes and recommended by guidelines for the most commonly prescribed antibiotics and their indications in primary care (see Table 3 ).The four most commonly prescribed antibiotics are specified in the Table. For each one, the top three ranked indications are listed in an individual column. There are three rows for each indication, showing the doses and duration recommended by the guideline versus the duration dictated by the pack size, calculated for an adult, 25 kg child and 10 kg child. The number of doses available in a single proprietary pack of the specified antibiotic at the recommended ranged from five to 20 (represented by filled circles) with any shortfall or extra doses left in the pack represented by unfilled circles. Out of 32 most common antibiotic-prescribing scenarios, 10 had doses left over in surplus and 18 had a shortfall, leaving only four in which the packaging size resulted in the exact duration recommended by eTG guidelines. Where there was a shortfall, this was only exactly accommodated by a repeat prescription in two cases (Table 3) .
Discussion
This mismatch in duration between guidelines and that dictated by packaging may mean that a considerable quantity of antibiotics are dispensed and not consumed for the prescribed acute illness, contributing to redundant antibiotic doses in the community. Since the mismatch is the rule rather than the exception, we can speculate that this is a large quantity.
Weaknesses in this study include the use of just one set of guidelines. However, this commonly used resource proved the most robust across the AHPRA recommended information sources. The difficulty we encountered in mapping the eTG diagnostic categories, and those set by the BEACH data-collection classification, mean that some diagnoses may be inaccurate -with implications for both the most common rubric as well as the best guidelines to fit the diagnosis. Nevertheless, we have seen no other studies that have considered this issue.
There are, of course, other contributions to unused antibiotics in the community, including repeat prescriptions (sometimes inadvertently delivered by default settings in general practice prescribing software) and the failure by patients to complete the prescribed course.
Nonetheless, our finding represents a problem that is probably more extensive than most prescribers realise. It Is unlikely that all primary care clinicians follow optimal guidelines in their antibiotic prescribing -this is one of the causes of antibiotic resistance.
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Yet evidence-based guidelines are seen as an important means of changing overprescribing. Even if general practitioners attempt to follow guidelines, difficulties in matching diagnoses and trying to match pack size with recommendations is an important obstacle to their doing so effectively.
Solutions are not obvious. One would be changes to legislation so that the Therapeutic Goods Administration (TGA) requires manufacturers to package antibiotics in accordance with guideline recommendations. However, this would be difficult as the same antibiotic is prescribed for several indications and for different durations; and resistance is likely from the pharmaceutical industry. Another solution would be to educate general practitioners in specifying the guideline recommended duration for antibiotics when prescribing them, thereby overriding the default pack quantity in their prescribing software and instead incorporating an algorithm derived from guidelines to calculate the associated required quantity. However, even if general practitioners could be persuaded to change their usual behaviour, pharmacists would need corresponding dispensing software to calculate and pass on the costs to the PBS, RPBS or private health funds for the extra time and stock loss, and the implementation of safety strategies to prevent the reuse of partpacks with varying expiry dates associated with removing doses from their packages.
Nonetheless, some solution needs to be trialled to close off what may be another threat to antibiotic resistance in the community.
